ABSTRACT. Many microRNAs (miRNAs) exhibit altered expression levels in cancers, and they may be considered as valuable prognostic biomarkers for cancers. Here we aimed to summarize the recent advances in miR10b involvement in human breast cancer and analyze the predicting role of miR-10b for survival. We searched, Embase, and Wanfang databases to identify studies on the prognostic role of miR-10b expression in breast cancer. A total of 770 patients from 7 eligible studies were included in the analysis. Pooled risk ratios (RRs) with 95% confidence interval (95%CI) were calculated to estimate the effect. Our results showed that high miR10b expression in patients with breast cancer was significantly associated with poor disease-free survival (DFS) (RR = 1.53; 95%CI = 1.06-2.21; P = 0.02). However, no significant association between miR-10b and overall survival was found in overall studies. Subgroup analysis indicated that high expression of miR-10b was significantly correlated with DFS in Asia (RR = 2.94; 95%CI = 1.71-5.05). The present meta-analysis demonstrated that high expression of miR-10b might predict poor survival in patients with 
INTRODUCTION
Mortality from breast cancer has declined in the western counties over the last 30 years likely as a result of effective early detection due to more widespread screening efforts and advances in adjuvant therapy (Harbeck, 2007) . However, breast cancer remains a leading cause of cancer-related mortality in females worldwide. Traditionally, breast cancers have been classified into prognostically meaningful groups based on clinical features and histopathological findings, but it is increasingly evident that cellular and molecular characteristics are of significant importance (Karlsson et al., 2013) .
MicroRNAs (miRNAs) are small non-coding RNAs (18-25 nucleotides in length) that act as complex negative regulators of posttranscriptional gene expression by targeting regions of sequence similarity in mRNA 3'-untranslated regions, leading to either degradation or translational inhibition of the mRNA (Foley et al., 2011) . Recent studies have shown that miRNAs were involved in various physiological and pathological processes, and an increasing number of evidence prove that the abnormal expression of miRNAs has a direct correlation with the occurrence and development of cancers. The abnormal expression and dysfunction of miRNAs may lead to cellular disorder and finally result in diseases or even cancers.
The miR-10b gene is located in the middle of the HOXD cluster on chromosome 2q31, near HOXD4 (Ma et al., 2007) . A combination of mouse and human cells exhibited that miR-10b is highly expressed in metastatic breast cancer cells and positively regulates cell migration and invasion (Ma et al., 2007) . Overexpression of miR-10b in otherwise non-metastatic breast tumors initiates robust invasion and metastasis, and the level of miR-10b expression in primary breast carcinomas correlates with clinical progression (Sasayama et al., 2009) .
Over the past few years, several studies have evaluated the prognostic value of miR-10b expression in breast cancer with conflicting results. Some concluded that miR-10b expression had no influence on survival (Gee et al., 2008; Radojicic et al., 2011; Parrella et al., 2014) , while others reported that miR-10b expression was predictive of decreased survival outcome for breast cancer (Liang et al., 2011; Chang et al., 2014) . Insufficient samples and some other factors have resulted in controversial results of different clinical studies. Thus, the present meta-analysis was performed to determine the value of miR10b as a prognostic marker for breast cancer.
MATERIAL AND METHODS

Literature search strategy
We comprehensively searched, Embase, and Wanfang databases for relevant articles published until July 1st, 2015. The search strategy included the following key words: miR-10b, microRNA-10b, breast cancer, breast carcinoma, prognostic and prognosis. The citation lists associated with all the studies retrieved in the search were used to identify other potentially relevant publications. Review articles were also scanned to find additional eligible studies. The title and abstract of each study identified in the search were scanned to exclude any clearly irrelevant publications. The remaining articles were browsed to determine whether they contained information on the topic of interest.
Criteria for inclusion and exclusion
The following inclusion criteria were used in order to ensure the high quality of this article: 1) patients with breast cancer diagnosis by pathology; 2) full-length paper with sufficient data on survival and miR-10b expression; 3) miR-10b expression was measured by real time-PCR method. The following studies were excluded: 1) articles about cell lines or animals; 2) review articles without original data; 3) studies lacking information on survival.
Data extraction
Information was carefully extracted from all eligible publications independently by two of the authors according to the inclusion criteria listed above. Disagreement was resolved by a consensus discussion between the two authors. Data tables were composed to extract all relevant data from texts, tables, and figures of each included study, including author, publication year, country of patient's origin, time of collection tumor stage, number of patients, the age of patients, follow-up months, cut-off value of overexpression of miR-10b, and survival analysis. In case, the prognosis was only plotted as Kaplan-Meier curve in some articles, the GetData Graph Digitizer 2.24 software (free software downloaded for http://getdata-graph-digitizer.com) was applied to digitize and extract the data.
Statistical analysis
Pooled risk ratios (RR) and 95% confidence interval (95%CI) were used as the effective value to measure the impact of miR-10b expression on survival of breast cancer patients in this meta-analysis. In the individual study, some of them provided RR and 95%CI directly. Heterogeneity was assessed by the chi-squared test. The I 2 value was used to evaluate the heterogeneity (I 2 = 0-50%, no or moderate heterogeneity; I 2 > 50%, significant heterogeneity) (Higgins et al., 2003) . The Begg test and the Egger test were performed to identify the possibility of publication bias (Begg and Mazumdar, 1994; Egger et al., 1997) . Fixed-effect model was used if there was no significant heterogeneity. Otherwise, the random-effect model was used. Sensitivity analysis was performed to examine the stability of the pooled results. By convention, an observed RR > 1 implied a poor survival for the group with increased miR-10b expression. All analyses were executed using the STATA 12.0 software (2008; Stata Statistical Software: Version 12.0, StataCorp., College Station, TX, USA).
RESULTS
Characteristics of the studies
Using the search criteria (Figure 1 ), a total of 7 publications met the criteria for this analysis (Gee et al., 2008; Radojicic et al., 2011; Liang et al., 2011; Song et al., 2012; Chang et al., 2014; Markou et al., 2014; Parrella et al., 2014) . The total number of patients included was 770 ranging from 60 to 219 patients per study. Among the 7 studies, three studies were performed in Asian populations, and the remaining four studies followed Caucasian patients. All patients in the eligible studies were determined by pathological stage. All of the studies reported the prognostic value of miR-10b expression for survival in patients with breast cancer. Of the 7 studies, one directly reported survival data, while the other six studies provided survival curves. Estimation using survival curves were segregated according to either disease-free survival (DFS) or overall survival (OS). A RR on DFS or OS could be extracted for all enrolled studies. The characteristics of the included studies are listed in Table 1 . 
miR-10b expression and prognosis of breast cancer
With the use of the methods described above, the OS and/or DFS of 770 patients in the 7 studies were analyzed. The main results of this meta-analysis are shown in Figure 2 . A fiveyear DFS rate was extracted from seven studies. The meta-analysis of the seven studies for the prognostic value of miR-10b expression showed that miR-10b overexpression is associated with poor DFS (RR = 1.53, 95%CI = 1.06-2.21, P = 0.02; Figure 2A) .
However, the meta-analysis of four applicable studies showed that miR-10b overexpression is not significantly associated with OS (RR = 1.05, 95%CI = 0.67-1.64, P = 0.85; Figure 2B ). Table 2 shows the results of the subgroup meta-analyses. When grouped according to the ethnicity, the combined RRs of Asian studies in DFS were 2.94 (95%CI = 1.71-5.05), which shows that miR-10b is an indicator of poor DFS prognoses in Asian patients. In addition, when miR-10b expression level was stratified by mean value, high miR-10b expression is associated with poor DFS (RR = 1.75; 95%CI = 1.16-2.62) in breast cancer patients. 
Sensitivity analysis
A sensitivity analysis, in which one study was deleted at a time, was performed to gauge result stability. The results are shown in Figure 3A and B. Both of the corresponding pooled RRs of OS and DFS did not significantly change, which suggests the robustness of the results. 
Publication bias analysis
The funnel plots presented no evidence of publication bias in the studies of either outcome ( Figure 4A and B) . No evidence for significant publication bias was found in OS (Egger test, P = 0.174) and DFS (Egger test, P = 0.293) studies. 
DISCUSSION
Metastasis is the major cause of mortality in cancer and affects the clinical progression of cancer patients (Chiang and Massagué, 2008) . MicroRNA-10b was identified as an miRNA highly expressed in metastatic breast cancer cell lines, able to generate metastases when growing as primary mammary tumor in mice (Ma et al., 2007) . Several recent studies show that increased miR-10b levels have been associated with bone (Zhao et al., 2012 ) and brain metastases (Chiang and Massagué, 2008) as well as spread to the lymph nodes (Chen et al., 2013) in patients with breast cancer. Whether miR-10b is a prognostic marker in patients with breast cancer has been studied extensively, but the conclusions are inconsistent. To the best of our knowledge, this is the first meta-analysis of published studies to evaluate the association between miR-10b expression and prognosis in breast cancer. Heterogeneity analysis and sensitivity analysis were also critically performed to ensure the epidemiological credibility of this meta-analysis.
This meta-analysis showed that estimates of the significance of miR-10b overexpression vary substantially between studies. However, we found that high miR-10b expression was associated with poor DFS in patients with breast cancer, although not significant for OS. The results increase the likelihood that high miR-10b expression is an independent risk factor for breast cancer. Furthermore, miR-10b may be a therapeutic target for breast cancer because of the high expression rate of miR-10b in breast cancer lesions.
Of late years, mounting evidence by meta-analysis also shows that miR-10b overexpression is associated with aggressive clinicopathological parameters and unfavorable prognosis in several human malignancies. Wang et al. (2013) found that miR-10b was highly expressed in gastric cancer and correlated with size of tumor, Lauren classification, depth of invasion, lymph node and distant metastasis, TNM stage, and prognosis. Nakayama et al. (2013) reported that miR10b overexpression may induce an increase of pro-metastatic gene products and contribute to the acquisition of metastatic phenotypes in epithelial ovarian cancer cells. Jikuzono et al. (2013) demonstrated that the expression levels of miR-10b were shown to be upregulated in widely invasive follicular thyroid carcinoma that has distant metastasis and worse prognosis. Nakata et al. (2011) showed that miR-10b expression prompted the invasive of pancreatic cancer cells and was correlated with the prognosis of patients with pancreatic cancer. Moreover, miR-10b overexpression might be an unfavorable prognostic and a chemoradiation resistance predictive factor for colorectal cancer (Nishida et al., 2012) . These findings further highlight that miR-10b may play an important role in cancer prognosis.
However, this meta-analysis has some limitations. First, the number of included studies, as well as the included breast cancer patients in each study, is relatively small. Thus, these factors might have reduced the power and accuracy of subcategory analysis. Second, the OS and DFS outcomes were based on individual unadjusted RRs. Thus, a more precise assessment should be adjusted using other prognostic factors. Third, no clear guidelines are available as regards the methods used for the evaluation of the levels of miR-10b in breast cancer patients. Such evaluation differs among all the studies. In the assessment of biomarkers, the use of a standard threshold has great importance. Although RT-PCR was the only method to analyse miR-10b expression in breast cancer specimens, differences in the cut-off values for the miR-10b overexpression may have contributed to the observed heterogeneity. Subgroup analyses showed that high miR10b expression is associated with poor DFS only when miR-10b expression level was stratified by mean value. Thus, standardized methods and cut points that classify miR-10b overexpression levels are urgently needed.
In conclusion, despite the limitations of this meta-analysis, our study suggests that miR10b expression is significantly associated with worse prognosis in terms of shorter DFS in patients with breast cancer. Hopefully this analysis will stimulate further research with rigid criteria and large study populations to resolve any remaining controversy of the role of miR-10b overexpression for the prognosis of breast cancer patients.
